Abstract The aim of this work was to prepare and characterize several properties of Au nanoparticles colloids prepared by the ''chemical liquid deposition'' method, which involves the co-deposition of metallic Au with organic vapors (2-ethoxyethanol, 2-methoxyethanol and 1,3-butylenglycol at 77 K). AuNPs supported on chitosan were performed by solvated metal atom dispersed method. Then, colloids were characterized by transmission electron microscopy (TEM), electron diffraction (ED), UV-Vis spectroscopy, electrophoretic mobility, physical stability, mediumfar infrared spectroscopy and thermogravimetric analysis. These studies had demonstrate that Au nanoparticles solvated with 1,3-butylenglycol and 2-ethoxyethanol, shows higher stability, due to their high dielectric constant and a better NPs solvation. TEM analysis showed a size distribution between 4.61 and 48.8 nm. From ED, a face-centered cubic structure was found. UV-Vis analysis showed lower stability of nanoparticles solvated with 2-methoxyethanol. FTIR spectra showed that the solvent was incorporated and surround the Au NPs. The thermograms shows that thermal decomposition of AuNPs-chitosan decreases with the metal presence. Bioassays of acute toxicity on fishes with AuNPs-chitosan with 1,3-butylenglycol were carried out due to the lower toxicity. The bioassay showed that 
Introduction
Several areas of science and technology, are given more and more strength in what they say concern the study and development of new materials that stand between nanophase materials or nanoparticles. These are materials with a grain size of the order of nanometers, the spatial confinement is less than 100 nm, are suspended in a medium of various kinds which is called dispersion medium.
Metal nanoparticles are colloidal dispersions or dielectric spherical nanoparticles coated with a thin metal film which have kinetic properties such as thermal and gravitational effects. Those having thermal effects are characterized by movement called Brownian and diffuser. Brownian motion is a constant and irregular movement which is observed in particle diameter not greater than 5 lm. This depend on the temperature increase and produce an increase in motion intensity [1] .
The nanoparticles diffuse slowly than the solutes in the real solutions. Assuming applicable the Van't Hoff equation to the osmotic pressure and that the nanoparticles are spherical and large in comparison with the molecules of the medium, Einstein and others demonstrated that the diffusion coefficient D(f), which is the number of moles of colloid diffusing through a unit area in unit time under a concentration gradient of 1 mol/cm [2] .
In cases where the colloidal dispersions are thermodynamically unstable sedimentation process occurs faster because the particles coalesce to form larger clusters with greater weight, in which the gravitational effects are felt more strongly ending with a colloid flocculation. By measuring sedimentation rates is possible to calculate the dimensions and mass of the suspended particles.
The stability of the nanoparticles depends on three factors: the surface thereof, the surface charge and solvation medium [2] . The surface of the nanoparticles play a role in the stability of colloids. For each subdivision a new surface is formed. The smaller the particles, the greater the total surface area and therefore the greater will be the number of atoms in the surface layer of the particle. Atoms with unbalanced valence forces interact with their surroundings. The smaller the particle more strongly attract other particles, as well as foreign molecules in the medium, thus, increase the attractiveness markedly with decreasing size.
From the thermodynamic point of view, the larger the surface, the greater the surface energy and the free energy associated. According to the second law of thermodynamics free energy of any system tends to decrease. For the colloidal particles, this happens when they coalesce, decreasing particle surface [3] .
Particles with many groups containing colloid atoms, which dissociate into ions, the particles are electrically charged.
The particles can also be loaded by adsorption of ions present in between. This electrical charge is one of the stabilizing factors, since particles are electrically charged repel each other through equal load.
Solvation is another important factor on nanoparticle stability, i.e., the adsorption or binding of liquid on the surface of the particles. Solvation occurs because the particles are surrounded by a layer of solvent molecules and this layer is assumed to prevent coalescence or agglomeration of the particles.
Currently there is a particular interest in the solvated metal atoms. For example, solvated metal atoms are used as precursors of new organometallic compounds; but also, as precursors of catalysts dispersed catalysts called SMAD (''Solvated Dispersed Metal Atom). A characteristic of these new colloidal systems, is their tendency to form films, when the solvent is evaporated [4] .
These new colloidal systems have novel optical and electrical properties and in some cases have semiconductor characteristics [2] . This method has been called ''Chemical Liquid Deposition'' (CLD) [1, 3] compared with ''Chemical Vapor Deposition'' (CVD) technique.
Nanoparticles are prepared from the solvated metal atoms at liquid nitrogen temperature. When metal atoms are codeposited at 77 K in an excess of organic solvent with weakly complexing properties, the formation of metal-metal bonds is favored. After reaching the nucleation, growth stage begins, which is thought to occur in an area above the hot metal surface depending on the characteristics of the metal and the inert gas pressure. To maintain the small size of the aggregates, it is necessary to prevent coalescence among them, so these once nucleated, must be removed rapidly from the high saturation region. This shift is usually generated by natural convection (or diffusion) under the combined action of gravity and the temperature difference between the source and the receiver precursor aggregates. However, a forced gas flow can also be used, with a considerable improvement in the aggregate size and process efficiency.
The size of the particles formed depend on the solvent and metal used to form the nanoparticles solvents such as: acetone, 2-propanol, 2-butanol and THF among others have been used [4] .
The stability of the dispersions formed by condensation of metal atoms and organic solvent vapors at 77 K may extend for hours, days, weeks or even years. For a given solvent stability depends on the oxidation potential of the metal for a given metal solvent used. In this method, it has been shown that there are two important mechanisms in stabilizing the metal nanoparticles; which are steric and electrostatic mechanism. Steric mechanism: the presence of a strongly coordinating capability of producing a strong solvation with solvent. Electrostatic mechanism: electron trap particles from the electrodes of the reactor walls and the solvent to negative charges, the repulsive forces avoid that particles can grow and flocculate [5, 6] . Gold use in medicine is known as crisotherapy. The crisotherapy was popularized by Jacques Forestier, who based the therapeutic application of gold in the knowledge that gold salts inhibited the growth of tubercle bacilli in vitro and had been informed well in tuberculosis patients treated in this way and for some analogy clinic between chronic arthritis and tuberculosis, to Forestier seemed reasonable that gold salts prove useful in rheumatic patient. Its application in chronic polyarthritis was originally a purely empirical basis [7] . The main properties that have the gold salts according to Forestier are:
• Inhibit the migration and activation of macrophages and phagocytic leukocytes.
• Inhibit the synthesis and release of inflammatory cytokines.
• Decreases synovial cell proliferation.
• Stabilizes lysosomal membranes.
• Favor the appearance of scar collagen.
• They have antioxidant properties.
For this reason we propose to study other solvents to stabilize gold nanoparticles.
Material and Methodology Materials
Chitosan (abbreviated as CS from here on), with a molecular weight of 350 kDa, was purchased from Quitoquímica Co. (Coronel, VIII Region, Chile). The degree of deacetylation was 95 %, as determined by infrared spectroscopy. Metallic Au was obtained from Aldrich. 2-Propanol was purchased from Fisher (Pittsburgh, PA, USA). All glassware was cleaned by using aqua regia solution and subsequently rinsed with copious amounts of 2-propanol reactive grade [8] .
Synthesis of Au/2-Ethoxyethanol Colloid
Au/2-ethoxyethanol colloid was prepared by chemical liquid deposition (CLD) method [4] , which involves the vapor deposition of metallic Au in organic vapor media. The metallic atom reaction was carried out in a glass reactor. A W-Al 2 O 3 crucible loaded with Au was assembled in the metal atom reactor and the whole system was evacuated. A glass device with the organic solvent (2-ethoxyethanol), dried with molecular sieves and further degasified three times by standard freezethaw procedure [9] , was attached to the neck of the reactor. The whole system was immersed in liquid nitrogen (77 K) and evacuated to reach the vacuum at 10 -5 bar. The W-Al 2 O 3 crucible was heated at 40 A until Au boiling point. In the reaction, the metallic Au and the solvent (2-ethoxyethanol) were codeposited over half an hour. The frozen matrix, obtained on the reactor walls, was allowed to warm slowly for 1 h. After this time, the reactor was filled with extra pure nitrogen gas. After 30 min under nitrogen flow, Au colloidal dispersion in 2-ethoxyethanol was obtained. In a typical reaction, 0.2 mmol of Au was evaporated with 100 mL of 2-propanol (dried and degassed) to obtain the Au/2-ethoxyethanol colloid.
Preparation of Au/2-Ethoxyethanol Colloid Chitosan Composite
In the same way, the Au colloid was prepared initially with the high molecular weight chitosan and introduced in the reactor. The reactor is kept under vacuum until reaching 5-10 mmHg, previously the chitosan powder (2.0 g) has been introduced with a magnetic stirrer inside the metal atom reactor [10] .
Similarly, the procedure with 2-methoxyethanol and 1,3-butyleneglycol was carried out.
Defrosting and Obtaining of Gold Nanoparticles
Metal-organic matrix obtained in the walls of the reactor during the stage of cocondensation now undergoes a stage of warm up which consists of two steps. The first step is a latent period in which liquid nitrogen is removed from the Dewar and the valves are closed to keep the system. This latency period is usually 1 h, unless you want to study the influence of this stage as experimental variable. The second step consists of a gas nitrogen flow into the reactor for a period of half an hour to warm up completely the metal-organic matrix. After this period you get a colloidal dispersion, which is syphon off in atmosphere of pure nitrogen to a receiver flask, to avoid the oxidation of the material (Fig. 1) .
Preparation of Gold Nanoparticles Supported on Chitosan
Gold nanoparticles supported on Chitosan, are prepared using the method CLD, which involves the physical codeposition at 77 K, metallic gold with organic vapor of (2-methoxyethanol, 2-ethoxyethanol, and 1,3-butylene glycol) in a metal atom reactor in which is introduced a known amount of chitosan previously characterized and a magnetic bar to stir. Once the composite is defrosted, the reactor is left 24 h, under continuous agitation and N 2 (g) atmosphere.
Nanoparticles spread the pores of the chitosan forming the gold nanoparticles supported. 
Kinetic Stability
The stability of colloidal dispersions is studied through the physical and chemical behavior at the same time at room temperature, by direct observation.
Electrophoretic Mobility
Electrophoretic studies were made in the ''Zeta Meter 3.0 System''. This equipment has molybdenum electrodes (positive electrode) and platinum (negative electrode). A quartz cell, which is washed with distilled water and rinsed with organic solvent to measure the suspension is used. The measurements were performed every 24 h for 5 days (from time 0 to 120 h). Average mobility was used for the calculation of mobility for each solvent [11] . Solvent viscosities were measured experimentally at 25°C with an Ostwald viscometer of 5 mL and using a thermostatic bath [12] . Also a JS94H zeta potential meter was used.
Transmission (TEM) Electron Microscopy
Studies by electron transmission microscopy (TEM) in the determination of particle size were made at a microscope JEOL JEM 1200EXII with 4 Å resolution. A drop of colloidal dispersion newly formed over a grid of 150 with a thin film of carbon mesh Cu was deposited. Particle size was determined by optical measurements of diameters of a specific population of particles, for interpretation of results obtained using the computer program (digital micrograph) in which 50 nanoparticles are measured imaging which was graphed in histograms of frequency, which were adjusted the distributions of the normal type for respective stockings [13] .
Electron Diffraction (ED)
Bimetallic particles diffraction patterns were taken from the microscope JEOL JEM 1200EXII operating with 120 kV conditions with 4 Å resolution, this technique was used for the identification of some phases present in the dispersion [14] .
Infrared Spectroscopy (FT-IR)
The infrared spectra of the solids were preparing KBr pellets with 128 accumulations in the Nicolet Magna 550 team. FT-IR spectra of solvents and colloids were obtained by depositing a drop of solvent in the KBr cell. The polymer with nano Au is prepared at 2 % in KBr pellet.
Thermogravimetric Analysis (TGA)
Thermogravimetry measure the loss in weight of a sample as a function of temperature and time on an inert gaseous medium (N 2 (g)), in order to determine the thermal stability and the speed of decomposition of the sample. Thermogravimetry analysis was made on the TGA, TA equipment instruments Q500. They were between 3 and 5 mg of sample and the temperature was increased from 0 to 500°C with a heating rate of 10°C/min flow N 2 (g) 50 mL/min.
Elemental Analysis
Metals are determined by atomic absorption on a computer Perkin Elmer 3100, Aulamp. The sample is treated with acid to oxidize all metal and leave it in solution. Then they are prepared with metals standards calibration curves and absorption of the sample value is interpolated to know their concentration.
Acute Toxicity Bioassay
The laboratories of bioassays of the faculty of natural sciences and oceanographic at the University of Concepción. Undertake preliminary bioassays to determine the range of action of gold nanoparticles supported on chitosan with 1,3-butylene glycol solvent (0-100 % mortality).
The preliminary test will be conducted in one assay and was made with juvenile fish of the species Cheirodon galusdae, which will be exposed to different concentrations of the compound. During the 96-h exposure period, they will not receive power. The test duration was 96 h at 20°C using ambient lighting of the laboratory. The test solutions were replead at least 48 h. The number of fish the container was 5 and with 3 replies. The volume experimental was 3L. The number of treatment were 6 (control; 0.3; 0.42; 0.612; 0.87 and 1.25 mg/L).The water was pH 7.2 and the amount of oxygen dissolved 8 mg/L. A control pure chitosan (without gold nanoparticles), with the highest concentration of chitosan has been tested.
At the end of the exposure period, the number of alive and dead fish were counted. Mortality data was analyzed statistically using the Probit computational program for the LD50-96, is the concentration of the compound that produces a mortality rate of 50 % of the fish exposed for a period of 96 h.
Results and Discussion

Support of Chitosan
The polymer support used is the chitosan, which has a molecular weight of 350 kDa, corresponding to a high molecular weight, the degree of deacetylation is 95 %, the percentage of ash is 0.4 % with 8.5 N %. In the case of the molecular weight and the nitrogen, these are standards for all chitosan.
Characterization of Gold Nanoparticles Supported on Chitosan
Transmission Electron Microscopy
The sizes of particles were obtained through the analysis of micrographs obtained in the electron microscope and transmission by optical measurement of diameters (considering that the majority of the nanoparticle are spherical) a certain population of particles chosen at random and then represented by a histogram of frequency, which shows the distribution of the sizes together with the mean or average size was obtained by adjustment of a normal curve (statistical analysis), in addition to the standard deviations of each media. Table 1 summarizes the sizes of gold nanoparticles obtained with each solvent. Observed sizes between 4.61 and 48.8 nm, which are within the range of the colloidal particles. In all cases there is a clear relationship between concentration of metal, particle size and kinetic stability. Lower concentration produces smaller particle size and therefore greater stability (see Table 1 ).
Figures 2, 3, and 4 shows micrographs obtained by transmission electron microscope of gold nanoparticles dispersed in the mentioned solvents and they were prepared in two concentrations.
Stability of Colloidal Dispersions
Synthesized nanoparticles were observed to measure its kinetic stability at room temperature in terms of its flocculation. ). b Gold-1, 3-butylene glycol supported on chitosan nanoparticles
There is greater stability of colloids prepared with 1,3-butylenglycol and 2-ethoxyethanol, where apparently the two OH groups and in both cases carbonyl group would play an important role, due to their polarity or formation of any link with the surface of the metal. Besides having a high dielectric constant which causes a greater solvation of gold nanoparticles, therefore smaller size. 2-methoxyethanol colloid was the solvent with lower stability due to its low dielectric constant which causes less solvation of metal. Another factor to consider would be the influence of stability with the concentration, can be seen a greater stability to less concentrated dispersions, since the energy required to disperse the particles would be lower (see Table 2 ). -4 ). b Gold-2-ethoxyethanol nanoparticles supported on chitosan. The Au nanoparticles in 2-methoxyethanol exhibit higher agglomeration being higher sizes than the other two solvents that solvation is better and randomly distributed in the colloidal dispersions Preparation of Gold Nanoparticles Using 2-Ethoxyethanol… 1135
UV-Vis Spectroscopy
The spectroscopic measurements of colloidal dispersions with concentration 10 -4 M exhibit absorption bands. At this time you can see the shift towards the visible from the band at 220 nm. Au nanoparticles solvated with 2-methoxyethanol explains the agglomeration and sedimentation of the nanoparticles due to a low stability of these colloids. On Fig. 5 , we can observe the UV of the three solvents. Unlike the spectra of Au nanoparticles with 2-ethoxyethanol and 1,3-butylene glycol solvated already that there is no displacement of the band, which demonstrates the stability of these colloids (Figs. 6, 7) . [120 Black 
Electrophoresis
Load of gold colloids and electrophoretic mobility measures in all the solvents used (2-methoxyethanol, 2-ethoxyethanol, and 1,3-butyleneglycol). These values were compared with data obtained by Wiedenar et al. [15] (Table 3) .
As we see the highest values of zeta potential are for 1,3-butyleneglycol and 2-ethoxyethanol, which leads to greater stability in the dispersion of the particles, since they possess a greater charge avoiding particle agglomeration. The above results can be conclude that another effect of stabilization of colloids apart from the solvation by the electric double layer were the potential of the surface at the fixed layer (Stern) is the zeta potential [16] .
The negative charge is observed since the particles migrate toward the positive pole in the electrical field (molybdenum). This is probably due to adsorption of organic fragments anionic caused during the reaction since the atoms of the metal after the vaporization travel with great kinetic energy and can impact solvent molecules, fragmenting them [17, 18] .
FT-IR Analysis Infrared
FT-IR spectra obtained for the preparation of this work show us bands of absorption in the infrared zone, with which we can identify functional groups. The first band corresponds to the vibration of stretching-OH group at 3432 cm -1 , the vibration of stretching C = primary amide of chitin, presents an absorption band at 1655 cm -1 . The 1382 cm -1 signal corresponds to the deformation to the -NH 2 group. C-O bond has a stretching at 1088 cm -1 and the N-H bond deformation is observed around 602 cm -1 (Figs. 8, 9, 10 ).
Thermogravimetric Analysis
Au-2-methoxy chitosan, Au-2-ethoxyethanol chitosan and Au-1,3-butylene glycol chitosan, were measured. In all cases there is a process of loss of weight at temperatures below 100°C, which is associated with the loss of moisture that remains in the sample. A second thermal event is observed between 303 and 311°C which is associated with loss of almost a 88.93 % of mass, (loss of acetyl groups) corresponding to the chitosan at 590°C is observed a loss of mass between 26.87 and 37.30 % which would correspond to the remanent. Applying the second derivative can be see a peak corresponding to the maximum mass loss which fluctuates between 303.45 and 305.68°C another peak is observed in the second derivative this is due to the solvent used (1,3-butylene glycol) that has a high boiling point and high density which produced the sample evolved solvent from the solvent which is represented in the peak temperature 119.66°C. The data is summarized on Table 4 .
Electron Diffraction
Electron diffraction studies for these systems showed patterns with a set of concentric rings or diffraction points or both. The measurements of the diameter of the rings allowed the evaluation of their crystalline phases. Phases were assigned by comparison of dhkl experimental with JCPDS reference data [18] . for some representative samples and crystalline phases that justify the interplanar distances, obtained from diffraction patterns showed in Figs. (11, 12, and 13) . Pattern of electron diffraction for Au-2-methoxyethanol nanoparticles obtained with a concentration of 2.5 9 10 -3 mol/L. is in agreement with a crystalline structure of Au (fcc).
Elemental Analysis
The metal identification of the obtained chitosan gold nanoparticles was conducted by atomic absorption spectrophotometry.
The elemental analysis shows the incorporation of gold between 0.019 and 0.110 % by weight whereas the difference is only carbon and hydrogen (see Table 6 ). There is a greater percentage of gold in Au/2-methoxyetanol/CS and Au/2-ethoxyethanol/CS and a lower percentage in Au/1,3-butylene glycol/CS. These values are not representatives, since the incorporation of the metal is random, not in an equitable manner and the analysis was made with 0.08 g of the total sample in each system.
Toxicity Bioassay
The mortality of the species test organisms Cheirodon galusdae exposed to the different treatments. The LD 50 at 96 h calculated with chitosan and Aunanoparticles using the Probit statistical program (Fig. 14) .
Conclusions
Stability of nanoparticles increases with the increase in the size of the solvent molecule, due to the greater solvation of these and their steric effect. It is observed a greater stability of colloids prepared with 1,3-butylene glycol and 2-ethoxyethanol, since these solvents have a higher dielectric constant, then greater solvation of gold nanoparticles, therefore smaller particle size.
Micrographs of transmission studies show that particles tend to grow forming chains of metal agglomerates such as those normally present in gold.
Nanoparticles solvated with 1,3-butylenglycol at a concentration of 1.2 9 10 -4 M were smaller in size with an average of 4.61 ± 0.76, besides having a less toxicity than other solvent. Therefore, the acute toxicity test shall be performed with these nanoparticles.
As we can see the highest values of zeta potential are for 1,3-butylene glycol and 2-ethoxyethanol, which leads to greater stability in the particles dispersion, since they possess a greater partial charge makes it repel and keep them without clustering.
The FT-IR spectra show the interaction and integration of the solvent with gold nanoparticles supported on chitosan.
All scans shows a loss of weight at temperatures below 100°C, which is associated with the loss of moisture that still remains in the sample. The thermogram of nanoparticles of Au-1,3-butylene glycol supported, shows 2 peaks in the second derivative this is due to the solvent used (1,3-butylene glycol) that possess a high boiling point and high density, resulting in the solvent presence.
Pattern of electron diffraction for Au-2-methoxyethanol nanoparticles obtained with a concentration of 2.5 9 10 -3 M presents a crystalline structure of Au (fcc). Elemental analysis showed the presence of the metal support built-in. In the bioassay of acute toxicity of pure chitosan, the results exhibit no toxicity. The concentration of gold nanoparticles in 1,3-butylene glycol supported on chitosan results in the LD 50 is 0.94 ml/L of the exposed fish for a period of 96 h calculated by Probit statistical program with a confidence interval between 0.810 and 1.148 ml/L.
